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Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S103were assessed with an independent Mann-Whitney U-test with signiﬁ-
cance level p<0.05.
Results:Forty-seven patients with hip OA (29 women/18 men) with mean
age 59.2 (9.5) years and mean BMI 24.6 (3.4) and 21 controls
(13 women/8 men) with mean age 58.4 ( 8.9) years and mean BMI 23.88
(3.5) were included. The hip OA patients walked signiﬁcantly slower
than the controls (p¼0.002). They further revealed reduced hip extension
and knee extension at PKE and TO (p<0.001), reduced total excursion in
both the hip (p<0.001) and knee joint (p¼0.004), a smaller hip ﬂexion
moment at PKE (p¼0.009), a smaller knee ﬂexion moment at PKF
(p¼ 0.009) and a smaller knee extension moment at PKE (p¼0.036). Of
the 47 patients, 21 were deﬁned to have severe radiographic hip OA.
Compared to patients with MJS2 mm, these patients had signiﬁcantly
reduced hip extension at PKE (p¼0.029) and TO (p¼0.032). No other
differences were revealed.
Conclusions:Patients in the early stage of hip OA reveal deviant biome-
chanical gait characteristics compared to controls, with reduced hip and
knee extension during the latter phase of stance as the main feature. More
severe radiographic OA enhances the deﬁcits in hip extension during the
latter phase of stance.
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PILOT STUDY TO ASSESS A SIMPLE ACCELEROMETRIC METHOD TO
MEASURE HEEL STRIKE TRANSIENTS
M. Tucker 1, S. Mellon 1, L. Jones 1, A. Price 1, R. Gill 1, P. Dieppe 2. 1Univ. of
Oxford, Oxford, UNITED KINGDOM; 2 Peninsula Med. Sch., Exeter, United
Kingdom
Purpose: Normal walking results in transient stress waves as the heel
makes contact with the ground. These high impact stresses are transmitted
through the whole of the lower extremity. This impact stress can be
measured in ground reaction force using a gait laboratory with force
plates, and is known as the heel strike transient (HST). Previous studies
have shown that an association may exist between the level of these
impulsive forces and osteoarthritis of the knee1.
The purpose of this pilot study was to assess whether HST measured in
ground reaction forces correlate with 3-axis acceleration measurements
taken at the ankle, thus allowing a relatively simple, real time assessment
during normal activities.
Methods: This ongoing study was approved by the local ethics committee.
To date twelve subjects have taken part: sevenwith radiographic (K&L 2 or
more) and symptomatic (chronic pain in that knee) osteoarthritis of the
medial compartment of the tibiofemoral joint, and 5 age matched controls
without knee pain.
Each patient underwent motion analysis in a Gait Laboratory using
a VICONMX system (Vicon, Oxford, UK). Reﬂectivemarkers were placed on
each subject's pelvis, ankles and feet. Each participant also wore two 3-axis
accelerometers, built in-house, on rigid ankle cuffs. Subjects were then
asked to walk barefoot at their self selected normal walking pace, and
again at a faster pace. Ground reaction forces were recorded using three
force platforms: two AMTI OR6-1-1000 and an AMTI OR6-6-1000 (AMTI,
MA, USA). Synchronized ground reaction forces and acceleration datawere
recorded at 1000 Hz. Post-processing was performed in Matlab (The
MathWorks Inc., Natick, MA, USA). The mean vertical deceleration at HST
was calculated for each group and compared with a MannWhitney-U test.
The correlation between peak vertical ground reaction force and peakMean (sd) strength, active range of motion, and peak gait joint angles
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FAI patients (n¼17) 0.53 (0.16) 25.0 (7.7) 5.4 (5.2) 0.56 (0.18) 27.8 (7.0) 9.8 (
Controls (n¼11) 0.83 (0.22) 34.6 (8.8) 10.6 (8.8) 0.74 (0.12) 31.7 (5.7) 7.1 (
Between-groups
p-value
<0.001 0.005 0.06 0.008 0.13 0.38vertical accelerationwas also assessed using the Pearson product-moment
correlation coefﬁcient using PASW Statistics 18 (IBM, Armonk, NY, USA).
Results: The mean deceleration for the OA group was 3.1 g ( 1.6) and the
mean deceleration for the control group was 1.8 g ( 2.4). There was no
statistical signiﬁcant difference between these values. However, peak
vertical ground reaction force showed a correlation with vertical acceler-
ation for all subjects. This correlation was found to be statistically signiﬁ-
cant (p¼0.015, pearson corr coef ¼-0.707).
Conclusions: The results of this study suggest it is possible to assess HST
using 3-axis accelerometers rigidly attached to the ankles. This would
allow assessment of HST during normal activities, outside the artiﬁcial
environment of a gait laboratory. The ability to detect and measure HST
relatively easily using accelerometry could then be used to assess the
pathogenesis of knee osteoarthritis and its progression. In addition, these
accelerometers could have a use as a biofeedback device for the control of
joint pain.
1. Radin, E. L. et al. Clin. Ortho. Rel. Res., 131 (1978), pp. 288-293.
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PEOPLE WITH FEMOROACETABULAR IMPINGEMENT EXHIBIT ALTERED
FRONTAL AND TRANSVERSE PLANE STRENGTH, MOVEMENT, AND GAIT
CHARACTERISTICS COMPARED TO THOSE WITHOUT IMPINGEMENT
J.R. Guenther, M.K. Gilbart, M.A. Hunt. Univ. of British Columbia, Vancouver,
BC, CANADA
Purpose: To compare frontal and transverse plane hip strength, active
range of motion, and gait kinematics in people with and without femo-
roacetabular impingement (FAI).
Methods: Seventeen (13 males, mean age¼ 29.4 +/- 7.0 years) people with
radiographically conﬁrmed FAI and eleven (5 males, mean age ¼ 28.0 +/-
4.3 years) healthy, pain-free individuals were tested on one occasion.
Isometric hip muscle strength was assessed using a handheld dynamom-
eter. Internal and external hip rotation strength were assessed in high
sitting with the hip and knee ﬂexed 90 degrees and the dynamometer
placed just proximal to the lateral and medial malleolus, respectively.
Abduction and adduction strength were assessed in supine lying with the
dynamometer placed just proximal to the lateral and medial femoral
epicondyle, respectively. The largest force production from three maximal
effort trials for each movement was converted to a torque by multiplying
by the lever arm distance, then normalized to body mass (Nm/kg). Active
range of motion was assessed using a universal goniometer in the same
starting positions as strength assessment. Participants then underwent
a three-dimensional gait analysis along a 10 metre walkway while kine-
matic data were collected using eight high speed digital cameras (Motion
Analysis Corporation) and the standard Helen Hayes marker set. Peak hip
internal rotation, external rotation, abduction, and adduction angles
during stance were identiﬁed for each trial and averaged across ﬁve trials
at a self-selected walking speed. Unpaired t-tests were used to compare
differences between the two groups (FAI vs. control) with statistical
signiﬁcance set at an alpha of 0.05.
Results: All data are summarized in Table 1. Compared to the healthy
group, those in the FAI group exhibited signiﬁcantly less internal rotation
(p<0.001), external rotation (p¼0.008), and adduction (0.05) strength as
well as signiﬁcantly less active internal rotation (p¼0.005) and adduction
(p¼0.005) range of motion. During gait, no signiﬁcant differences existed,
though those with FAI exhibited less internal rotation and adduction thanAbduction Adduction
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8.2) 1.08 (0.40) 36.2 (10.9) 1.6 (2.7) 1.20 (0.38) 21.2 (4.0) 4.5 (3.5)
7.2) 1.27 (0.25) 35.5 (6.9) 1.6 (2.0) 1.49 (0.33) 29.9 (10.5) 6.3 (2.3)
0.17 0.85 0.98 0.05 0.005 0.14
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the two groups.
Conclusions: These ﬁndings are consistent with the clinical presentation
of those with FAI. Importantly, given that FAI has been implicated as
a potential risk factor in the development of hip osteoarthritis, alterations
in muscle and joint function due to the impingement may play a role in the
breakdown of cartilage. Though previous studies have focused on strength
or gait characteristics primarily in the sagittal plane, our ﬁndings indicate
that deﬁciencies in all three planes of motion are exhibited in those with
FAI. As a result, treatment strategies such as muscle strengthening or gait
retraining should not be limited to hip extension or ﬂexion.
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CHANGES IN PELVIS AND TRUNK POSITION ALTER KNEE JOINT KINETICS
DURING SINGLE LIMB STANDING
J. Takacs, M.A. Hunt. Univ. of British Columbia, Vancouver, BC, Canada
Purpose: To examine the effects of changes in pelvic angle and trunk
position on knee joint loading during single limb standing balance trials.
Methods: Twelve (5males, mean age¼ 29.9 +/- 5.5 years, mean BMI¼ 21.4
+/- 2.0 kg/m2) healthy individuals were recruited from the university
community to take part in a single testing session. Participants performed
a series of single limb standing trials, where they were asked to balance on
their dominant leg with the contralateral knee bent to 90 . Two conditions
assessing pelvic positioning changes on hip and knee kinetics were per-
formed while balancing on one leg: (1) contralateral pelvic drop with
trunk maintained in a neutral position (pelvic drop); (2) contralateral
pelvic drop combined with trunk lean away from the stance limb (trunk
lean). A third condition involving no modiﬁcation of pelvis or trunk
position (normal) was completed as a control condition. A total of three
trials, each lasting three seconds, were performed for each condition, and
the order of conditions was randomized. Kinematic data were collected
using eight high speed digital cameras and the standard Helen Hayes
marker set. Kinetic data were collected as the participant stood on a ﬂoor-
mounted force platform. Kinematic and kinetic data were synchronized
and used to calculate joint moments at the knee and hip. Outcomes
included: knee joint loading as quantiﬁed by the external knee adduction
moment (KAM) - a valid, indirect measure of medial compartment knee
joint load, pelvic obliquity angle, ground reaction force knee lever arm
distance, the mediolateral distance between the centre of pressure and the
centre of mass (COM-COP), and hip adduction moment (HAM). The mean
value for each outcome variable was calculated throughout each trial, and
participant averages were obtained from the three separate conditions.
Differences between conditions were examined using one-way analysis of
variance (ANOVA). When signiﬁcant differences existed between condi-
tions (p < 0.05), the nature of each difference was further examined using
Tukey's post-hoc analyses.
Results: Pelvic obliquity angle (contralateral pelvic drop denoted as
a negative angle) differed signiﬁcantly in the pelvic drop and trunk lean
conditions compared to the normal condition (p< 0.001). Signiﬁcant main
effects existed for each outcome variable (see Table 1). Post-hoc analyses
indicated that for all outcome variables, there were no signiﬁcant differ-
ences between normal and pelvic drop trials, while trunk lean trials
were signiﬁcantly different from the other two conditions. Speciﬁcally,
combined contralateral trunk lean and pelvic drop resulted in signiﬁcantly
larger mean KAM, lever arm, COM-COP, and HAM values.
Conclusions: These ﬁndings suggest that pelvic drop alone will not alter
KAM magnitude, a risk factor for the progression of knee osteoarthritis.Table 1
Main effects for outcome variables. Values are mean +/- SD.
KAM (%BW*ht) Pelvic Angle () K
Normal 2.68 +/- 0.62 1.42 +/- 2.66 4
Pelvic Drop 2.91 +/- 0.70 -4.89 +/- 2.55 4
Trunk Lean 3.66 +/- 0.97 -4.51 +/- 2.13 6
p-value 0.011 <0.001 0Pelvic drop, as a result of hip weakness, has been hypothesized to alter the
centre of mass positionwith respect to the knee, resulting in an increase in
the knee lever arm, and thus, an increase in KAM. Though studied in young
and healthy individuals, the present ﬁndings do not support this proposed
biomechanical mechanism. Instead, signiﬁcant differences were only
observed when contralateral pelvic drop was combined with lateral trunk
lean away from the stance limb. These ﬁndings suggest that neutral
alignment of the proximal segments may be beneﬁcial for optimal distri-
bution of joint load within the knee.
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THE EFFECT OF PROGRESSIVE STRENGTHENING PROGRAMS ON
FUNCTION AND GAIT MECHANICS AFTER UNILATERAL TOTAL KNEE
ARTHROPLASTY: A RANDOMIZED CLINICAL TRIAL.
A.H. Alnahdi 1,2, J.A. Zeni, Jr. 1, L. Snyder-Mackler 1. 1Univ. of Delaware,
Newark, DE; 2King Saud Univ., Riyadh, Saudi Arabia
Purpose:Patients with unilateral Total Knee Arthroplasty (TKA) have
functional limitations and abnormal walking patterns in which the non-
operated limb is excessively loaded compared to the operated limb.
Higher loading of the nonoperated limb puts the joints of that limb at a
greater risk for osteoarthritis (OA) progression. The amount of symmetry
between limbs in quadriceps strength is related to the amount of
symmetry between limbs in knee ﬂexion excursion during stance phase
of gait. Therefore, it is possible that improving quadriceps strength
symmetry might result in a concomitant improvement in biomechanical
symmetry during gait, reduce loads on the nonoperated limb and
potentially reduce the risk of OA progression. The purpose of this study
was to compare the effects of a clinic-based rehabilitation program to
a home-based rehabilitation program on quadriceps strength, physical
function, and knee kinematics and kinetics during loading response phase
of gait. We hypothesized that the clinic-based program would result in
larger improvements in quadriceps strength symmetry, symmetry in
knee kinematics and kinetics and larger improvement in physical
function.
Methods:Twenty four subjects who were at least 6 months post unilateral
TKA for osteoarthritis were randomly assigned to either a clinic-based
program (N¼ 12, 50% women, Age:65.67.9 yr, BMI: 30.26.3) or to
a home-based program (N¼ 12, 50% women, Age:65.59.3 yr, BMI:
31.15.1). The clinic and the home-based rehabilitation programs were
impairment based programs to minimize impairments in joint mobility
and muscle function with particular emphasis on improving the operated
quadriceps strength. Patients completed baseline and post-intervention
testing that included isometric quadriceps strength test and an assessment
of physical function using the Knee Outcome Survey-Activities of Daily
Living Scale (KOS-ADLS), the timed up and go test (TUG), stair climbing test
(SCT), and the six-minute walk test (6MW). Participants also underwent
three-dimensional gait analysis. Mixed design ANOVAs were used to
detect group by time differences in quadriceps strength, physical function,
and knee kinematics and kinetics. Except for measures of function,
ANOVAs were performed on symmetry indices quantiﬁed as the value of
the operated limb relative to the nonoperated limb.
Results:Symmetry in quadriceps strength showed a signiﬁcant time effect
(P<0.001) with absolute increase of 17% and 9.4% in the clinic-based group
and the home-based group respectively. Physical performance in the TUG
and 6MW tests did not signiﬁcantly change in either group (P>0.4).
Performance in SCT showed improvement of 1.3 and 0.9 seconds in the
clinic-based and the home-based groups respectively (P¼0.03). Self-nee lever arm (mm) COM - COP (mm) HAM (%BW*ht)
3.0 +/- 11.6 -2.87+/- 5.00 4.71 +/-0.73
7.5 +/- 13.0 -1.31 +/- 4.83 4.98 +/- 0.74
1.3 +/- 15.7 7.22 +/- 5.41 6.18 +/- 1.38
.006 <0.001 0.002
